Thallium-201 perfusion scintigraphy is now a well established technique for imaging the myocardium.'2 Its use is advocated in patients with atypical chest pain for diagnosing possible coronary artery disease.3-5 The interpretation of thallium-201 images is, however, difficult and requires considerable experience to obtain reproducible results, and considerable interobserver variation has been found.67 This situation led to the development of semiquantitative methods for analysing thallium scans8 -10 and may also be responsible for the poor correlation reported by some authors between the site of disease as determined from scans and that of coronary artery stenoses found by angiography." 12 Further studies to improve the accuracy of localisation of disease have compared semiquantitative results with empirically derived normal ranges.1314
The scintigraphic appearances of specific coronary artery stenoses have been studied extensively and many patterns identified'4; with experienced ob- time taken to rotate the model and to display a shaded surface image depended on myocardial size and ranged from 4 to 6 s to rotate or tilt the model and from 13 to 24 s to calculate and display the shaded surface image. Although faster execution would be desirable, these times are sufficiently short to allow the program to be used interactively.
To provide anatomical reference points, the locations of the coronary arteries and their major branches were added to the display. A cast of coronary arteries was obtained from a normal necropsy specimen, and the major arteries were digitised in three dimensions using a reflex metrograph (Ross Instruments). A simple fitting procedure was used to scale these arteries on to the computer model of myocardial uptake. A hidden surface algorithm ensured that only the visible portions of the coronary arteries were displayed when the myocardium was observed from different aspects.
Several methods were used for viewing the result. Arteries were distinguished one from another and from myocardium by using a different colour for each artery on a colour video monitor and superimposing the arteries on a grey shaded image of myocardial uptake. (Fig. 2) showed a large left ventricle with a major defect in the superior/apical surface, almost exactly coincident with the left anterior descending artery after the first diagonal branch. Rest and exercise images were similar, except for possible defect enlargement seen on the exercise image. The findings of the thallium scan were therefore in good agreement with the coronary angiography report.
Case 3 (infarct and coronary artery disease) -A 36 year old man had had extensive anterior wall myocardial infarction one year previously. His continuing chest pain was treated with a beta blocker (atenolol), a calcium antagonist (nifedipine), and nitrates. An exercise electrocardiogram was terminated at stage II because of chest pain and dizziness. There was ST elevation and T wave inversion in the anteroseptal leads. Left ventriculography showed apical akinesia and arteriography showed a tight stenosis in the middle third of the left anterior descending artery and its second diagonal. There was also fairly diffuse disease affecting the marginal and posterolateral branches of the circumflex and the right coronary artery. A thallium scan showed decreased uptake on both rest and exercise images in the apicoseptal region, indicating myocardial infarction there. Also an area of decreased uptake was seen in the inferoseptal region on exercise, which had normal uptake at rest, indicating ischaemia. The three dimensional display confirmed these findings by showing a defect in the inferoapical region that extended to the sup.erior surface (Fig. 3) ginal branch was also diseased. The left anterior descending artery had regions of stenosis both proximal and distal to the first septal branch and proximal to the large second diagonal. The second diagonal branch showed moderate stenosis in the mid portion and the left anterior descending artery itself was blocked distal to this branch, although there was some retrograde filling. The thallium scan showed defects on exercise in the septum and inferolateral regions which had normal uptake on the later (resting) images. The three dimensional representation indicated two defects on exercise in the anterior and septal walls (Fig. 4) . These could not be directly related to the main coronary arteries but appeared to be in the territories of the left anterior descending or right coronary artery or both. Neither defect was seen at rest. The defects seen on the thallium scan did not correspond directly to the main coronary arteries, and this is consistent with the fairly extensive disease found at angiography to involve the distal portions and branches of the main coronary arteries. Thus the collateral circulation shown on the coronary arteriogram to supplement that of the distal right coronary and left anterior descending arteries would appear to be adequate at rest but insufficient to meet the requirements of the stressed myocardium.
Case 5 (coronary artery disease)-A 52 year old man had had angina of effort and sometimes at rest for about one year: he had had two previous hospital admissions for chest pain. The symptoms were treated with atenolol and chlorthalidone, nitrates, and nifedipine. An 
Discussion
Presentation has long dogged the acceptance of nuclear medicine images by doctors, both because images commonly lack anatomical reference points and because a functional rather than an anatomical image is presented. Thus recognition of image features can be difficult for the uninitiated. In nuclear cardiology further difficulties have been presented by the introduction of parametric imaging,25 which is even further removed from common ideas of anatomy.
The method described in this paper is an attempt to reverse this process by presenting images of functioning myocardium in which the spatial relations of the different parts of myocardium, and their relative function, are clearly discernible and in which the appropriate anatomical reference points are provided by superimposing the coronary arteries. We hope that by this means we shall be able to establish more clearly the relation between myocardial perfusion defects, at rest and during exercise, and the site of coronary artery disease.
Several authors have described shaded surface techniques for displaying three dimensional infor- 26 -28 mation.
Applications have included surgical 29 3 planning, radiotherapy planning,30 and an evaluation of complex musculoskeletal anatomy. Two assumptions have to be made in order to create our three dimensional images. Firstly, it is necessary to assume that the distribution of thallium-201 contains definite areas of uptake that may be enclosed by a surface, corresponding to an isocount contour. In practice the uptake often varies continuously from lower to higher values. A simple thresholding technique can distinguish the areas of appreciably reduced uptake but will probably fail to detect small areas of only slightly reduced uptake. Secondly, the spatial distribution of the coronary arteries corresponds to that of one normal subject. The arteries displayed on each image have been scaled and rotated to match the individual myocardial model, but they should be interpreted as only indicating the probable site of the actual coronary arteries.
We suspect that the accuracy achievable by perfusion scintigraphy in detecting one or two vessel disease may be better than has previously been reported."9 Localisation of coronary artery disease is important in order to determine whether patients are suitable for coronary artery bypass graft surgery.33 In addition, the method should prove useful for the non-invasive follow up of patients after surgery who produce new symptoms and for assessing the success of coronary angioplasty.
